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POWER SUPPLY DEVICE INCLUDING
INDUCTION VOLTAGE DETECTION COIL FOR
CHARGING PORTABLE ELECTRONIC DEVICES

BACKGROUND OF THE INVENTION

The present invention relates to a power supply de-
vice which supplies power by a non-contact means
using electromagnetic induction to portable electronic
devices.

Portable electronic devices enabling data entry from
a remote location not directly connected to a power

supply have become common in recent years. As shown_

in FIG. 5, an example of such a device is a portable
terminal 101 used together with an optical signal distri-
bution device 102. With the device, the user usually
enters data through a keyboard 1012 of the portable
terminal 101, and the data is stored to an internal storage
medium. The portable terminal 101 is then set on the
optical signal distribution device 102 to transmit the
stored data from the portable terminal 101 to the optical
signal distribution device 102 by means of an optical
signal. Due to the need for portability, this portable
terminal 101 uses a built-in rechargeable battery as the
power supply. In addition, as shown in FIG. 4, a pri-
mary coil 106 and oscillation circuit 108 are provided
on the top of the optical signal distribution device 102,
and a secondary coil 107 is provided on the bottom of
the portable terminal 101. It is to be noted that the
primary coil 106 and the secondary coil 107 are respec-
tively wound around a core 110 and core 111.

When the battery is to be recharged, power is applied
from the oscillation circuit 108 to the primary coil 106,
and power is supplied using non-contact electromag-
netic induction to the secondary coil 107 of the portable
terminal 101 to recharge the built-in battery. By thus
supplying power using a non-contact means, problems,
such as poor contact, which tend to occur when power
is supplied through physical contact terminals can be
avoided.

However, when supplying power as described above
and the gap between the optical signal distribution de-
vice 102 and the portable terminal 101 set thereon, spe-
cifically the distance between the primary coil 106 and
the secondary coil 107, changes due to vibrations or
other external causes, the power supplied to the second-
ary coil 107 can vary greatly, preventing a stable power
supply. As a result, the distance between the primary
coil 106 and the secondary coil 107 must be less than 1
mm for a sufficient power supply to be assured.

SUMMARY OF THE INVENTION

Therefore, a primary object of the present invention
is to provide a power supply device which can stably
maintain a sufficient power supply even with a non-con-
tact connection to a portable terminal as described
above and other portable electronic devices.

In order to achieve the above object, the power sup-
ply device of the present invention, as shown in FIG. 1
which shows the concept of the power supply device,
applies power from an oscillation circuit 10 to a primary
coil 3 and supplies power by means of non-contact
electromagnetic induction to a secondary coil 7 juxta-
posed to the primary coil 3, and is characterized by

a detection coil 12 which is connected by electromag-

netic induction to the primary coil 3, detects a load
fluctuation resulting from and varying according
to a change in a distance between the primary coil
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3 and secondary coil 7, and outputs a signal repre-
senting the load fluctuation as a change in an induc-
tion voltage, and

a control means 4 which controls, based on the

change in the induction voltage output by the de-
tection coil 12, an output of the oscillation circuit
10 so that the power supplied to the secondary coil
7 remains constant.

The detection coil 12 detects and outputs as a change
in the induction voltage any load fluctuation resulting
from a change in the distance between the primary coil
3 and the secondary coil 7. The control means 4 con-
trols, based on the change in the induction voltage out-
put by the detection coil 12, the output of the oscillation
circuit 10°to hold to a constant level the power supplied
to the secondary coil 7. Therefore, even if the distance
between the primary coil 3 and the secondary coil 7
changes, the power supplied to a battery connected to
the secondary coil 7 is stable. In particular, when the
distance between the primary coil 3 and the secondary
coil 7 becomes far, the control means 4 increases the
output of the oscillation circuit 10. Therefore, the
power supply to the secondary coil 7 and to the battery

- connected thereto remains stable and sufficient.
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Because a power supply device according to the
present invention provides a detection coil, detects load
fluctuation as a change in the induction voltage based
on the electromagnetic induction from a primary coil,
and controls based on this change in the induction volt-
age the output of an oscillation circuit by means of a
control means to maintain the power supplied to a sec-
ondary coil at a stable level, sufficient power can be
stably supplied by a non-contact connection to portable
electronic devices, for example, portable data terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully under-
stood from the detailed description given hereinbelow
and the accompanying drawings which are given by
way of illustration only, and thus are not limitative of
the present invention, and wherein:

FIG. 1 is a schematic diagram of the construction of
a power supply device according to the present inven-
tion;

FIG. 2 is a cross section showing the construction of
an optical signal distribution device provided with a
power supply device according to a preferred embodi-
ment of the present invention, and a portable terminal
which receives a power supply from this optical signal
distribution device;

FIG. 3 is a circuit diagram of circuits in the above
optical signal distribution device and portable terminal;

FIG. 4 shows a conventional power supply device;
and

FIG. 5 is a perspective view of an optical signal distri-
bution device and portable terminal.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A preferred embodiment of a power supply device
according to the present invention is described herein-
below.

Shown in FIG. 2 is a cross section of a optical signal
distribution device 80 and a portable terminal 90 which
is set on top of this optical signal distribution device 80.
The optical signal distribution device 80 has a power
supply device 1 on the top. This power supply device 1
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comprises a primary coil 3 and a detection coil 12
wrapped around a core 2, an oscillation circuit 10, and
a feedback circuit 4 as a control means. A DC voltage
is supplied to the feedback circuit 4 from a commercial
AC power supply (100 VAC) through an AC/DC con-
version circuit 11. The primary coil 3 and detection coil
12 are mounted with the core 2 integrally to the top
cover 81 of the optical signal distribution device 80.

The portable terminal 90 comprises a rechargeable
battery 9, secondary coil 7 wrapped around a core 6,
and an AC/DC conversion circuit 8 connected between
the rechargeable battery 9 and the secondary coil 7. As
shown in FIG. 3, the AC/DC conversion circuit 8
comprises a serially connected capacitance C1 and re-
sistance R1, and a diode D1, and converts the AC volt-
age induced to the secondary coil 7 to a DC voltage to
output it to the rechargeable battery 9.

The secondary coil 7 is mounted with the core 6
integrally to the bottom plate 91 of the portable termi-
nal 90 as shown in FIG. 2. Recess portions 91a are
provided on the outside of the bottom plate 91, and the
recess portions 91a fit with positioning pins 5 projecting
from the outside of the top cover 81 of the optical signal
distribution device 80. When the portable terminal 90 is
set on the optical signal distribution device 80 so that
the recess portions 91a and positioning pins 5 fit to-
gether, the secondary coil 7 of the portable terminal 90
and the primary coil 3 of the optical signal distribution
device 80 are in opposition and connected by means of
electromagnetic induction. It is to be noted that a
switch 14 is provided to detect whether the portable
terminal 90 is in position on the top cover 81 of the
optical signal distribution device 80. The swiich 14
becomes off state when the the portable terminal 90 is in
position on the top cover 81 of the optical signal distri-
bution device 80.

The power supply device 1is constructed as shown in
FIG. 3. The oscillation circuit 10 receives voltage Vin
from the feedback circuit 4, and outputs to the primary
coil 3 an oscillation output with an amplitude corre-
sponding to the strength of voltage Vin. It is to be noted
that the internal structure of the oscillation circuit 10 is
an open magnetic path, and the oscillation frequency
and output therefore change according to fluctuations
in the load.

The feedback circuit 4 comprises a diode D2, differ-
ential amplifier IC1, transistors Q3, Q2, and Q1, differ-
ential amplifier IC2, AND circuit 13, delay switch 24
and other resistances and a capacitance. The delay
switch 24 is interlocked to the switch 14. The voltage
induced by the detection coil 12 is received, and fre-
quency voltage conversion is performed by the diode
D2 and differential amplifier IC1. By controlling the
base voltage of transistor Q2 by means of transistor Q3,
the collector current of transistor Q1 is controlled, and
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the voltage Vin applied to the oscillation circuit 10 is

controlled.

When the rechargeable battery 9 built-in to the porta-
ble terminal 90 is to be recharged, the portable terminal
90 is first set on the optical signal distribution device 80
in the required position, i.e., with the recess portions
91a and positioning pins § fit together. Thus, a signal
indicating that the portable terminal 90 is set is input
from the switch 14 to the feedback circuit 4, and the
oscillation circuit 10 oscillates. Specifically, the AND
circuit 13 first receives signals of “H" level from the
switch 14 and the delay switch 24 of “‘off™ state, and
then receives a signal of “H" level from the switch 14
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and a signal of "H" level from the differential amplifier
IC2 through the delay switch 24 of “ON" state. There-
fore, at this time, the AND circuit 13 outputs a signal of
*H" level, and the oscillation circuit 10 oscillates. Then
the output from the oscillation circuit 10 is applied to
the primary coil 3, power is supplied by means of non-
contact electromagnetic induction to the secondary coil
7 opposite the primary coil 3. and the rechargeable
battery 9 is recharged via the AC/DC conversion cir-
cuit 8. When the distance between the portable terminal
90 and optical signal distribution device 80, i.c., the
distance between the primary coil 3 and the secondary
coil 7, changes due to ambient vibrations or another
cause, the load fluctuates and the oscillation frequency
and output of the oscillation circuit 10 change. At this
time, the detection coil 12 detects this load fluctuation
from the primary coil 3, and outputs this fluctuation as
a change in the induction voltage. Thus the feedback
circuit 4 detects the change in the induction voltage
output by the detection coil 12, and controls the output
of the oscillation circuit 10 so that the power supplied to
the secondary coil 7 remains constant. Therefore, when
the distance between the primary coil 3 and the second-
ary coil 7 changes due to ambient vibrations or another
cause, the change in the supply power to the recharge-
able battery 9 can be suppressed, and the power can be
supplied stably. In particular, even if the distance be-
tween the primary coil 3 and the secondary coil 7 be-
comes far, sufficient power can be supplied to the re-
chargeable battery 9. In actual measurements, it was
confirmed that a 10-V, 200-mA current could be stably
supplied with a between-coil distance of 0.5 mm to 3
mm.

It is to be noted that when the rechargeable battery 9
of the portable terminal 90 is fully charged, the load is
reduced to the lowest level and the electric current
flowing in the primary coil 3 decreases. Therefore, by
driving the transistor Q3 and controlling a current flow-
ing to the base of the transistor Q1 based on an induc-
tion current of the detection circuit 12 detected by the
differential amplifier IC1, it is possible to stop the oscil-
lation circuit 10 from oscillation.

It is to be noted that in this preferred embodiment the
power supply device 1 is provided in the optical signal
distribution device 80 to recharge a portable terminal
90, but it will be obvious that the invention is not so
limited and can also be applied to recharging other
portable electronic devices.

The invention being thus described, it will be obvious
that the same may be varied in many ways. Such varia-
tions are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifica-
tions as would be obvious to one skilled in the art are
intended to be included within the scope of the follow-
ing claims.

What is claimed is:

1. A power supply device which applies power from
an oscillation circuit to a primary coil and supplies
power by means of non-contact electromagnetic induc-
tion to a secondary coil juxtaposed to the primary coil,
said device further comprising: .

a detection coil which is inductively connected to the
primary coil and responsive to a variation in mag-
netic flux of an alternating signal applied to said
primary coil, for detecting a load fluctuation result-
ing from and varying in accordance with a said
secondary coil, and for outputting a voltage signal
representing the load fluctuation as a change in an
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induction voltage induced in said detection coil,
and

a control means which controls, based on the change

in the induction voltage output by the detection
coil, an output of said oscillation circuit so that the
power supplied to the secondary coil remains con-
stant.

2. The power supply device according to claim 1,
further comprising a switch which outputs a signal to
the control means for driving the oscillation circuit
when a device containing the secondary coil is in a
Juxtaposed position to the power supply device.

3. The power supply device according to claim 1,
further comprising a differential amplifier which detects
a power supplied to the oscillation circuit, and outputs
to the control means a signal for stopping oscillation of
the oscillation circuit when the power is smaller than a
predetermined value.

4. The power supply device according to claim 2,
further comprising a differential amplifier which detects
a power supplied to the oscillation circuit, and outputs
to the control means a signal for stopping oscillation of
the oscillation circuit when the power is smaller than a
predetermined value.

S. In combination. a power supply device detachably
connected to a portable electronic terminal device for
supplying power for charging a rechargeable battery
included in said terminal device by non-contact electro-
magnetic induction, comprising:
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6

a secondary coil in said terminal device connected to

said battery:

said power supply device further including a primary

coil juxtaposed to said secondary coil, an oscilla-
tion switch, a detection coil inductively coupled to
said primary coil and detection coil inductively
coupled to said primary coil and responsive 1o a
variation in magnetic flux of an alternating signal
applied to said primary coil by said oscillation cir-
cuit for detecting a load fluctuation resulting from
and varying in accordance with a change in the
distance between said primary coil and said sec-
ondary coil, and for outputting a voltage signal
representing the load fluctuation as a change in an
induction voltage induced in said detection coil,
and

a control means which controls, based on the change

in the induction voltage output by the detection
coil, an output of said oscillation circuit so that the
power supplied to the secondary coil remains con-
stant.

6. A combination as in claim 5, wherein said control
means includes means for eliminating the supply of
power to said terminal device when said battery is fully
charged.

7. A combination as in claim 6 wherein said power
supply device is included in an optical signal distribu-
tion device.

8. A combination as in claim 7 wherein said terminal
device further includes a memory and a data entry

means for storing data in said memory.
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